In this chapter, I argue that instructional designers must use research and theory to guide them to new and justified instructional practices when designing e-learning. I introduce a well-established pedagogy, Problem-Based Learning (PBL), in which complex, ill-structured problems serve as the context and stimulus for learning and students work collaboratively to understand the problem and learn about the broader related concepts. I describe the structure of PBL and discuss Barrow's (1998) concept of "authentic" PBL. I then review the support for PBL in the research literature and describe its relationship to cognitive and constructivist learning theory. I conclude the chapter by demonstrating how authentic PBL can be applied to e-learning using supporting examples from an undergraduate online course in Agriculture.
principles linking concepts, and c) understanding the links from concepts and principles to conditions and procedures for application. Results supported PBL at all three levels but showed that it had the most positive effects when the constructs were being assessed at the level of understanding principles that link concepts.
So, is PBL effective? There appears to be some evidence for its effect over time when used in whole curricula, but, given the mixed results, it is uncertain that it would make any difference in instruction of shorter duration.
Is PBL Supported by Learning Theory?
Experimental research studies and quantitative review methods may permit relatively strong statements of certainty about effectiveness, but these statements are typically quite broad, e.g., PBL facilitates the learning of clinical reasoning skills. Such conclusions tell little about the cognitive processes underlying learning in such contexts and how specific instructional strategies affect such processes. For instance, Barrows and other proponents of PBL have argued strongly that this instructional approach sets the conditions for effective and deep learning of both disciplinary knowledge and problem-solving (e.g., Albanese, 2000; Barrows, 1998 , Norman & Schmidt, 1992 , 2000 . Moreover, Barrows (1998) claimed that only "authentic" PBL could foster both the acquisition of a deeply understood knowledge integrated from a variety of disciplines and the development of effective clinical problem-solving. Does theory and research on human learning provide support for these claims?
Using Problem-based Learning in Online Courses Albanese (2000) contended that information processing theory provided the most robust theoretical support for PBL. Broadly, this theory has three main elements, all commonly stressed in PBL: a) activation of prior knowledge, b) encoding specificity, and c) elaboration of knowledge.
Problem-Based Learning and Cognitive Theory
Activation of prior knowledge. Learners recall and use knowledge they already possess to understand and structure new material-to-be-learned. PBL brainstorming, for example, can be used to trigger recall and prepare learners' cognitive structure for encoding the new material.
Encoding specificity. The closer the situation where something is learned resembles that in which it will be applied, the more likely transfer of learning will occur.
PBL problems focus on real-life situations and present situations commonly seen in practice.
Elaboration of knowledge.
Information is better understood and remembered if learners actively work with the material-to-be-learned. Elaboration includes strategies like discussion, spatial mapping, teaching peers and critiquing, all used in the PBL process Using Problem-based Learning in Online Courses
Problem-Based Learning and Constructivist Theory
While cognitive theory supports PBL, theorists have found stronger connections with Constructivist theory, which is currently in the ascendancy. Savory and Duffy (2001) consider PBL one of the best exemplars of a constructivist learning environment.
In their view, Constructivism can be captured with three primary propositions:
1. Understanding is constructed individually through our interactions with the environment and we can only test how much our individual understandings are compatible. constructivist principle of anchoring all learning activities to a larger task or problem.
Each case consists of multiple 'rounds', each including several disclosures. These introduce the problem that students are asked to address ( Figure 2 ) or else provide more information (supplementary disclosures). In most cases, disclosures are made available as learners discuss the scenario and identify further information required. These case problems were carefully crafted to engage the students in the significant issues of this field and to ensure that they cover required content and, therefore, address Savory and Duffy's principles of authenticity and to reflect the complexity of the practice environment.
Using Problem-based Learning in Online Courses 
Asynchronous Discussion Forums for Process
Authentic PBL must be student-centred (Barrows, 1998 
Provision of Print-Based and Online Resources
To use authentic PBL, a course must provide for self-directed learning (Barrows, 1998) . By this, he means that students must learn to locate current information when needed, as this is essential for professional performance. In this course, most of the resources needed are provided on the course website or via links to other web sites, especially governmental sites Figure 5 ). Students are also required to complete readings for each case from a purchased course textbook. In this regard, Agro 260 falls short of "authentic" PBL, since students are neither required to do much independent research nor taught how to do it and does not, therefore, adhere to Savory and Duffy's (2001) constructivist principles since the students are not given ownership of the research aspect of the process used to develop a solution.
However, in considering the transition to e-learning, we should be clear that this explicit provision of information was a choice of the course authors and not a restriction of the online learning context. Rather than to supply resources directly, it is certainly feasible to require learners to seek their own as would an individual engaged in practice.
In fact, online learning using a learning management system affords learners easy access 
Assignments, Learning Objectives and Evaluation Forums
Barrows' (1998) final characteristic of PBL is reflection, which should take place following completion of problem work to enhance transfer of learning to new problems.
Using Problem-based Learning in Online Courses
Barrows claims this is best accomplished through group discussions about what was learned with the problem, its essential elements, and how it relates to previously encountered problems.
Assignments. While the learning process in PBL is designed as a cooperative effort, student assessments in Agro 260 consist mainly of individual assignments and examinations. There is one group assignment in Case 1 (See Figure 6 ) requiring the collaborative effort of the group to develop a single submission. Otherwise, group members complete an individual assignments designed to address the problem(s) raised in the case after the PBL process has been completed. While the assignments are not based on group discussion, they do allow for reflection on the content in the case as per Savory and Duffy's (2001) constructivist principle that PBL provides opportunity for and supports reflection on both the content learned and the learning process.
Using Problem-based Learning in Online Courses The preceding description of Agro 260 and discussion of how research and theory applies to its instructional design provides one clear example of how the transition can be made from the use of PBL in face-to-face contexts to its application in e-learning. Not only is it possible to make the transition, but online PBL can provide opportunities that are more difficult to provide or unavailable in face-to-face contexts. However, online PBL can lead to some distinct challenges as well. I conclude this chapter with a brief discussion of some of the opportunities and challenges one faces in taking PBL online.
Opportunities Provided by Online PBL
Enriched authentic problem situations. In certain respects, the affordances of online and other computer-based environments are ideally suited to enhance the perception of authenticity of the problem situations. Video, audio, and photographs can be easily and efficiently delivered online and used to add realism to the presentation. For instance, in Agro 260, Case 1, learners develop a grazing plan for a novice rancher with property in the British Columbia interior. The "client" could have been introduced to the students in a video presentation to make the scenario seem less contrived and to foster interest in the problem. In terms of Keller's (1987a , as cited in Driscoll, 2005 ) ARCS model of motivational design, this can serve to gain attention to the problem and to enhance the relevance of the situation. In addition, video and photographs could also have been provided to show the property in question in order to clarify the extent of the problem situation and to make the situation more concrete for learners, that is, in cognitive theory terms, to enhance activation of prior knowledge and encoding specificity.
However, when striving for increased realism, designers must avoid adding too much detail in the presentation of the problem statement since, in authentic PBL, selfdirected learning is critical. Students need to learn to retrieve information when needed, as this is an essential skill for professional performance. They should remember that the increased use of media in online settings may also restrict access to learning. The use of streaming audio and video can increase requirements that learners access or acquire more powerful computer technology and connectivity options (e.g., cable or DSL Internet access rather than modem connection), which in turn makes the instruction more costly or even inaccessible for those in remote locations. To effect a full transition of PBL to e-learning, you need to look beyond the lure of the technology and keep in mind that, however it is delivered, PBL is first and foremost a specific pedagogy and be sure that you take into account the influence of these factors in the process.
